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7KHLPDJHVZHUHWDNHQDWDFRQVLGHUDEOHGLVWDQFHIURPWKHHDUWK¶VVXUIDFH6RHOHFWURPDJQHWLFHQHUJ\FDQQRWUHDFK
WKH VHQVRU ,WSDVVHV WKURXJK WKH DWPRVSKHULFSDWK HYHU\ WLPH'XULQJSURSDJDWLRQ WKH LQFRPLQJHQHUJ\ LQWHUDFWV
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WKHUHFHLYHGLPDJHV>@7KHVPRRWKLQJSURFHVVLQDQLPDJHXVXDOO\GHFRPSRVHVDQLPDJHWREHILOWHUHGLQWRWZR
OD\HUVDEDVHOD\HUIRUPHGE\KRPRJHQHRXVUHJLRQV,WKDVVKDUSHGJHV$QGWKHUH LVDGHWDLO OD\HUZKLFKFDQEH
HLWKHUQRLVHDUDQGRPSDWWHUQZLWK]HURPHDQRUWH[WXUHVXFKDVDUHSHDWHGSDWWHUQZLWKUHJXODUVWUXFWXUH7KHUHDUH
WZRW\SHVRIHGJHSUHVHUYLQJLPDJHVPRRWKLQJWHFKQLTXHVQRZDGD\V2QHW\SHLVJOREDORSWLPL]DWLRQEDVHGILOWHUV
>@ >@ >@ >@7KHRSWLPL]HGSHUIRUPDQFHFULWHULRQFRQVLVWVRI DGDWD WHUPDQGD UHJXODUL]DWLRQ WHUP7KHGDWD
WHUPPHDVXUHVILGHOLW\RIUHFRQVWUXFWHGLPDJHWRWKHLPDJHWREHILOWHUHGZKLOHWKHUHJXODUL]DWLRQWHUPSURYLGHVWKH
VPRRWKQHVVOHYHORIWKHUHFRQVWUXFWHGLPDJHHIIHFWLYHO\7KHJOREDORSWLPL]DWLRQEDVHGILOWHUVRIWHQ\LHOGH[FHOOHQW
TXDOLW\EXWWKH\KDYHKLJKFRPSXWDWLRQDOFRVW&RPSDUHGZLWKWKHJOREDORSWLPL]DWLRQEDVHGILOWHUVWKHORFDOILOWHUV
ORRNVLPSOHU+RZHYHU ORFDOILOWHUVFDQQRWSUHVHUYHVKDUSHGJHVOLNHWKHJOREDORSWLPL]DWLRQEDVHGILOWHUV>@>@
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@,WZDVPHQWLRQHGLQ>@
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JOREDORSWLPL]DWLRQEDVHGILOWHUV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LQ>@ZRXOGGLVWULEXWHVXFKEOXUULQJJOREDOO\,Q
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:*,)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IRUWKHQHXUDOLQWHUSUHWDWLRQRIDVFHQH>@6RLQWKHLQSXWLPDJHODUJHUZHLJKWVDUHWKXVDVVLJQHGWRSL[HOVDWHGJHV
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@ IRU DOO SL[HOV LQ WKH JXLGDQFH LPDJH 7KH ORFDO YDULDQFH RI D SL[HO LV
QRUPDOL]HGE\WKHORFDOYDULDQFHVRIDOOSL[HOVLQWKHJXLGDQFHLPDJH7KHQRUPDOL]HGZHLJKWLQJLVWKHQDGRSWHGWR
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@WKH:*,)DOVRDYRLGVJUDGLHQWUHYHUVDO
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HPSKDVLVRQWKH*,)LQ>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RIWHQRQ
DQHGJHIRXQGIHZVLPLODUSL[HOVDURXQG LW7KHQ*DXVVLDQZHLJKWHGDYHUDJH LVXQVWDEOH,Q WKLVFDVH WKHUHVXOWV
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OLQHDUV\VWHP7KHVHRSWLPL]DWLRQEDVHGDSSURDFKHVRIWHQJHQHUDWHKLJKTXDOLW\UHVXOWV6ROYLQJWKHOLQHDUV\VWHPLV
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:KHUH WKH OLQHDUFRHIILFLHQWVDNEN DUHDVVXPHG WREHFRQVWDQW LQZLQGRZ:. :HXVH  UDGLXV VL]H U LQ  VTXDUH
ZLQGRZ:.7KLVORFDOOLQHDUPRGHOVD\VWKDWTKDVDQHGJHRQO\LI,KDVDQHGJHEHFDXVHǻT Dǻ,7RGHWHUPLQH
WKH OLQHDU FRHIILFLHQWVDNENZHQHHG VRPHFRQVWUDLQWV LQ ILOWHULQJ LQSXWS:HPRGHO WKHRXWSXWT DV WKH LQSXWS
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EHIRUH:HPLQLPL]HFRVWIXQFWLRQLQWKHZLQGRZ:NİLVLQWURGXFLQJDVWKHUHJXODUL]DWLRQSDUDPHWHU%XWLWLVIL[HG
LQ*XLGHG ILOWHU EXW FDQ EH FRQWHQW YDULHG LQ:*,)6RZHZLOO FKRRVH:*,) DV WKH FRPELQHG ILOWHU DORQJZLWK
*DXVVLDQILOWHUEXWFDQEHFRQWHQWYDULHGLQ:*,)*,)DQG*DXVVLDQFDQQRWSUHVHUYHVKDUSHGJHV:KHQSUHVHUYLQJ
VKDUSHGJHVLWSURGXFHKDORV7KH*,)EDVHGRQORFDORSWLPL]DWLRQ*,)ZRXOGFRQFHQWUDWHEOXUULQJQHDUHGJHVDQG
LQWURGXFHKDORV6REHWWHUWRXVH:/6ILOWHUV1RWHWKDWZHZLOOWDNHWKH*XLGHG)LOWHUDQG%R[)LOWHU>@DOJRULWKPV
IRUUHPRYLQJWKHKD]H

1DWXUDOQHVV
&RORU UHSURGXFWLRQ %ULJKWQHVV YLVLELOLW\ FRQWUDVW DQG UHSURGXFWLRQ RI GHWDLOV DUH FRQVLGHUHG DV WKH LPDJH
SDUDPHWHUV7KHUHVXOWVVKRZWKDWDPRQJDOOWHVWHGDWWULEXWHVEULJKWQHVVDQGFRQWUDVWKDYHPRUHFRUUHODWLRQZLWKWKH
QDWXUDOQHVV RI DQ LPDJH 6RQDWXUDOQHVVPRGHO FDQ EHPDGHEDVHGRQ WKHVH WZR DWWULEXWHV QDPHGEULJKWQHVV DQG
FRQWUDVW 7KHVH LQJUHGLHQWV RI QDWXUDOQHVV DUH UHODWHG WR WKH WRQH PDSSLQJ HYDOXDWLRQ SUREOHP +HUH EULJKWQHVV
PDSSLQJ LV DQ LQHYLWDEOH LVVXH LQ DOO WRQHPDSSLQJ RSHUDWLRQV EHLQJ FRQVLGHUHG:H FDQ GHILQH RXU QDWXUDOQHVV
PHDVXUHDV
1 .>3S3F@
6KDUSQHVV

,PDJHVKDUSQHVVLVDQHIIHFWLYHSDUDPHWHUWRILQGKD]HGLPDJH¶VTXDOLW\$QLPDJHVKDUSPHDQVWKHGHWDLOVDUHFOHDU
LQWKHRXWSXW7KHODUJHUWKHPHDVXUHWKHVKDUSHUWKDWLPDJH,WLVGHILQHGDVWKHQRUPDOL]HGVXPRIWRWDOJUDGLHQWV
,I1LVWKHQXPEHURISL[HOV

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:HLJKWHG*XLGHG,PDJH)LOWHULQJ
,QWKLVVHFWLRQSURSRVLQJDQHGJHDZDUHZHLJKWLQJ7KHQLWLVIL[LQJLQWRWKH*XLGHGLPDJHILOWHULQ>@WRIRUP
WKH:*,)ZHLJKWHGJXLGHGILOWHU

A. An Edge-Aware Weighting Scheme 

/HWJXLGDQFHLPDJHEH*DQGı*S
EHWKHYDULDQFHRI*LQîZLQGRZȍS
$QHGJHDZDUHZHLJKWLQJī*S
LVGHILQHGXVLQJWKLVORFDOYDULDQFHRIDOOSL[HOVDVIROORZV

1
ī*S
 1ı*S
İı*Sİ
3 
:KHUHİLVDVPDOOFRQVWDQWDQGLWVYDOXHVHOHFWHGDVî/+HUH/LVWKHG\QDPLFUDQJHRIWKHLQSXWLPDJH
$OO SL[HOV LQ WKH JXLGDQFH LPDJHZHUH XVHG LQ WKH FRPSXWDWLRQRIī*S$OVR WKHZHLJKWLQJī*SPHDVXUHV WKH
LPSRUWDQFHRISL[HOSZLWKUHVSHFWRQWKHZKROHJXLGDQFHLPDJH'XHWRWKHER[ILOWHULQ>@WKHFRPSOH[LW\RIī*S
LV217KHYDOXHRIī*SLVODUJHUWKDQRQHLISLVDWDQHGJHDQGVPDOOHUWKDQRQHLISLVLQDVPRRWKDUHDDQGDQG
ODUJHUZHLJKWVZHUHDVVLJQHGWRSL[HOVDWHGJHV7KHSL[HOVLQIODWDUHDVKDYHORZZHLJKWDJH7KHVPRRWKHGZHLJKWV
RIDOOSL[HOVLQ)LJDDUHVKRZQLQ)LJE&OHDUO\ODUJHUZHLJKWVDUHDVVLJQHGWRSL[HOVDWHGJHVWKDQSL[HOVLQIODW
DUHDVLQWKHLPDJH7KHSURSRVHGZHLJKWLQJPDWFKHVRQHIHDWXUHRIKXPDQYLVXDOV\VWHPFODULW\LHSL[HOVDWVKDUS
HGJHVDUHXVXDOO\PRUHYDOXDEOHWKDQWKRVHLQIODWDUHDV>@

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










)LJAn image and its edge-aware weighting 
 
7KHILQDODVVXPSWLRQRIWKH:*,)LVDORFDOOLQHDUPRGHOEHWZHHQWKHILOWHULQJRXWSXW=DQGJXLGDQFHLPDJH*7KLV
PRGHO HQVXUHV WKDW WKHRXWSXW=KDV DQ HGJHRQO\ LI WKHJXLGDQFH LPDJH*KDV DQ HGJH7KHZHLJKWLQJī*S LQ
(TXDWLRQ  ZDV LQFRUSRUDWHG LQWR WKH FRVW IXQFWLRQ (DS
ES
7KH VROXWLRQ ZDV REWDLQHG E\ PLQLPL]LQJ WKH
GLIIHUHQFHEHWZHHQWKHLPDJHWREHILOWHUHG;DQGWKHILOWHULQJRXWSXW=ZKLOHPDLQWDLQLQJWKHOLQHDUPRGHOLHE\
PLQLPL]LQJDFRVWIXQFWLRQ(DS
ES
ZKLFKLVGHILQHGDV

( >DS
*SES
í;SȜ»ī*S
DS
@
3ȯȍS


7KHYDOXHVRIDS
DQGESϐDUHFRPSXWHGDVIURPWKHHTXDWLRQVVDPHDVLQWKHZHLJKWHGJXLGHGILOWHU>@:KHUHĬLV
WKHHOHPHQWE\HOHPHQWSURGXFWRIWZRPDWULFHVYDOXHV)RUHDV\DQDO\VLVWKHLPDJHV;DQG*LVDVVXPHGWREHWKH
VDPHWRUHPRYHKD]HIURPWKHLPDJH&RQVLGHUWKHFDVHWKDWWKHSL[HOSLVDWDQHGJH7KHYDOXHRIī*SLVXVXDOO\
PXFKODUJHUWKDQRQHDS
 LQWKH:*,)LVFORVHUWRRQHWKDQDS
 LQWKH*,)>@7KLVUHYHDOVWKDWVKDUSHGJHVDUH
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SUHVHUYHGEHWWHUE\ WKH:*,),W LVFOHDUHU WKDQ*,)$VVKRZQ LQ)LJHGJHVDUHSUHVHUYHGPXFKEHWWHUE\ WKH
:*,)
%DFNJURXQG
A. Dark Channel Prior 
)RUDQRXWGRRUKD]HIUHHLPDJHGDUNFKDQQHOSULRULVEDVHGRQWKHIROORZLQJREVHUYDWLRQ,QPRVWRIWKHPLQVN\
SDWFKHVSL[HOVLQDWOHDVWRQHFRORUFKDQQHOUJRUEKDYHORZLQWHQVLW\YDOXHDQGDUHHYHQFORVHWR]HUR)RUDQ
LPDJH-ZHGHILQHLWVGDUNFKDQQHO-GDUNDV

-GDUN[ PLQPLQ-F\
\ȯȍ[Fȯ^UJE`

%XWIRUWKHLPDJHVWDNHQXQGHUKD]HFRQGLWLRQGDUNFKDQQHOSULRUEHFRPHVLQYDOLG

B. Estimate the Atmospheric Light

$LVWKHDWPRVSKHULFOLJKWHVWLPDWHGLQWKHPRVWKD]HRSDTXHUHJLRQ:HILUVWFKRRVHWKHWRSEULJKWHVWSL[HOV
DV WKH PRVW KD]HRSDTXH UHJLRQ LQ GDUN FKDQQHO /DWHU WKH YDOXH RI$ LV H[WUDFWHG IURP WKH VDPH ORFDWLRQ ,
RULJLQDOKD]\LPDJHDVLWVGDUNFKDQQHOLPDJH7KHEULJKWHVWSL[HOLQWKHRULJLQDOLPDJH‘,¶ZDVFRQVLGHUHGDVWKH
JOREDODWPRVSKHULFOLJKWWDNHQLQDQ\FOLPDWH7KLVDSSURDFKLVPRUHVLPSOHDQGUHOLDEOH,WDYRLGVRQO\VHDUFKLQJ
IRUWKHVLQJOHEULJKWHVWSL[HOLQWKHHQWLUHLPDJH
C. Estimate the Coarse Atmospheric Veil

:HILUVWGHILQHWKHDWPRVSKHULFYHLO9[DVIROORZV

9[ W[

2EYLRXVO\WKHWUDQVPLVVLRQW[ HíȕG[LVZLWKLQ7KHDWPRVSKHULFYHLO9[LVZLWKLQWKHLQWHUYDO7KH
DWPRVSKHULFYHLOSUHVHQWVWKHDGGLWLYHDLUOLJKWWRWKHVFHQHLPDJLQJDQGLW LVHVWLPDWHGDVWKHLQFUHDVLQJIXQFWLRQ
ZLWK WKHGLVWDQFHG[IURPWKHREMHFW WR WKHREVHUYHU7KHYDOXHRI$LVQRW WKHPD[LPXPLQ WKHRULJLQDOKD]\
LPDJHZKLFKZLOOFDXVHWKHIUDFWLRQWREHJUHDWHUWKDQIRUSL[HOVZKRVHLQWHQVLWLHVDUHKLJKHUWKDQWKHDWPRVSKHULF
OLJKW$ 6RZH IXUWKHU UHVWULFW WKH QRUPDOL]HG LPDJHZLWK OLQHDU VWUHWFKPHWKRG LQWR >@ 7KHUHIRUH WKH KD]H
LPDJLQJPRGHOFDQEHUHZULWWHQDV

,[$ >-[$@W[9[


:HFDQH[WUDFWWKHDWPRVSKHULFYHLOVLPSO\E\

9஺[ PLQPLQ>,F\$F@
\ȯȍ[Fȯ^UJE`

,QWKLVOHWWHUZHRQO\FRPSXWHWKHPLQLPXPFRORUFKDQQHOZKLFKDLPVWRJHWWKHFRDUVHDWPRVSKHULFYHLO5HILQHG
$WPRVSKHULF9HLOXVLQJ*DXVVLDQ

9஺[ PLQ>,F[$F@
Fȯ^UJE`
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
:HXVH*DXVVLDQILOWHU WRUHILQHWKHDWPRVSKHULFYHLO*DXVVLDQILOWHU LVDQRQOLQHDUILOWHU WKDWFDQVPRRWKLPDJHV
:HVPRRWKWKHDWPRVSKHULFYHLOXVLQJDORZSDVV*DXVVLDQILOWHUDQGWKHUHILQHGDWPRVSKHULFYHLO9[H[SUHVVHGDV

9[ :J *ıŇŇ[\ŇŇ9஺\                        ()
\ȯ6

7KHZHLJKWHGVXPRIWKHORFDOSDWFKFHQWHUHGDWSL[HO[:JLV

:J :J *ıŇŇ[\ŇŇ
\ȯ6

+HUH*LVD*DXVVLDQIXQFWLRQ

*ı[ H^[ı`

DQGıUHSUHVHQWVWKHVL]HRIWKHQHLJKERUKRRGXVHGWRVPRRWKDSL[HOZLWKLQWKHUDQJH$ODUJHıZLOOVPRRWKPRUH
GLVWDQW LPDJH ORFDWLRQV LQ WKH LPDJH WDNHQ:H IL[ LW WR IRU DOO UHVXOWV LQ WKLV OHWWHU$FFRUGLQJ WR WKH ORZSDVV
*DXVVLDQILOWHUWKRVHSL[HOVFORVHUWRWKHFHQWHUHGSL[HO[ZLOOJHWODUJHUZHLJKWV

W[ í9[ 
E. Recover the Haze-Free Image 

:LWK WKH REWDLQHG JOREDO DWPRVSKHULF OLJKW DQG WUDQVPLVVLRQ WKH VFHQH UDGLDQFH FDQ EH UHFRYHUHG 7KH VFHQH
UDGLDQFH-[FDQEHUHVWRUHGE\

-[ $[^>,[$N9[@maxW[W`

7RHVWLPDWHWKHDWPRVSKHULFYHLOZHXVHWKHSDWFKVL]HRIRQHLQHDFKSL[HO,QIDFWWKHPLQLPXPFRPSRQHQWRIWKH
U J E FKDQQHO RI WKH KD]HIUHH LPDJH FDQQRW EH ]HUR ,Q RWKHU ZRUGV WKH WKUHVKROG LW XVLQJ WR ILQG WKH JOREDO
DWPRVSKHULF OLJKW $  LV XVLQJ SUHGHILQHG YDOXH 0 ,I WKH GLIIHUHQFH LV VPDOOHU WKDQ 0 ZH UHFRPSXWHG WKH
WUDQVPLVVLRQ

W൏[ PLQPD[M / Ň,[$$ŇW[

)RU GLIIHUHQW UHPRWH VHQVLQJ LPDJHV VXFK DV VDWHOOLWH DQG XQGHUZDWHU SKRWRJUDSK\ZLWK YDU\LQJ KD]H HIIHFW WKH
WKUHVKROGPLJKWEHGLIIHUHQW6RWKHDWPRVSKHULFYHLOFDQEHFDOFXODWHGDV

9൏[ íW൏[

7KH UHILQHG WUDQVPLVVLRQV UDQJLQJ IURP  WR $OVR WKH FDOFXODWHG LQWHQVLW\ RIPRUH WKDQ  SHUFHQW RI WKH
SL[HOV LQ WKH WUDQVPLVVLRQ LV EHWZHHQ  DQG  IRU WKH LPDJHV ,W LV FRQVLVWHQW ZLWK WKH SK\VLFDO DWPRVSKHULF
WUDQVPLWWDQFH7KHQWKHILQDOVFHQHUDGLDQFH-[FDQEHUHVWRUHG7KHUHFRYHUHGVFHQHUDGLDQFHFDQEHZULWWHQDV

-[ >,[N$@W൏[N$
F. Filter with Gaussian and WGIF 
7KH UHFRYHUHG LPDJH LV ILUVW JLYHQ WR*DXVVLDQ)LOWHU DQGRXWSXW LV JLYLQJ WR WKH JXLGDQFH LPDJH WR:*,) ,W LV
SURYHGWKDWWKHLPDJHLVPRUHYLVXDOO\DSSHDOLQJZLWKUHGXFHGKDORVDQGZLWKKLJKHU1DWXUDOQHVVDQG6KDUSQHVVWKDQ
*DXVVLDQDORQH

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G . Comparison with the existing methods
7KHUHH[LVWDORWRIILOWHUVOLNH*,)%LODWHUDOILOWHU0HGLDQILOWHU*XLGHGMRLQWELODWHUDOILOWHU6XUURXQGILOWHU'LUHFW
ILOWHUHWF:HFDQXVHFRPELQDWLRQRIILOWHUVVXFKDV*DXVVLDQZLWK*,)*DXVVLDQZLWK:*,)DOVR:HZLOOVHWWKH
SDWFKVL]HWR[IRUWKHLPDJH)RUILQGLQJWKHUHILQHGYHLODQGUHFRPSXWLQJWUDQVPLVVLRQZHZLOOVHOHFWWKUHVKROG
YDU\LQJ IURP WRUHJXODUL]DWLRQSDUDPHWHU IRU*,)DQG:*,) LV  GLIIHUHQW DVPHQWLRQHG LQ >@>@)RU WKH
SURSRVHGPHWKRGZKLFKXVLQJ*DXVVLDQ:*,)XVHVı IRU*DXVVLDQILOWHU,IUHFRPSXWHGWUDQVPLVVLRQUHTXLUHG
ZHFDQVHWSDUDPHWHUFRQVWDQWVWR5HJXODUL]DWLRQSDUDPHWHUVHWWRPHQWLRQHGLQ>@


),/7(5

1$785$/1(66 6+$531(66
 
Gaussian 0.8043 0.0284 
Guided image filter(GIF) 0.812 0.0299 
Gaussian+GIF 0.864 0.0378 
Weighted guided filter(WGIF) 0.881 0.0394 
Gaussian+WGIF 0.9633 0.0539 
([SHULPHQWV5HVXOWV
7KHKD]\LQSXWLPDJHLVJLYHQ:HZLOOILUVWHVWLPDWHLWV'DUNFKDQQHOSULRU






)LJInput image                                                                  )LJDark channel prior
:HZLOOQH[W ILQG WKH WRSPRVWEULJKWHVWSL[HOV WR ILQG WKHDWPRVSKHULF OLJKW7KHQ$WPRVSKHULF9HLODQG5HILQHG
DWPRVSKHULFYHLOZLOOEHILQGLQJ7KHQZHUHGHILQHWKHWUDQVPLVVLRQDQGILOWHULWZLWK*DXVVLDQDQG:HLJKWHG*XLGHG
)LOWHU









)LJCoarse atmospheric veil                                        )LJRefined atmospheric veil                                                     
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7KLVUHILQHGYHLOLVXVHGIRUUHFRPSXWLQJWKHWUDQVPLVVLRQVLQFHWKHUHPD\EHVRPHZDWHUVXUIDFHVDQGPRUHVN\
SDWFKHVLQVRPHLPDJHV7KLVUHFRYHUHGLPDJHLVJLYHQWR*DXVVLDQILOWHUWKHQWR:*,)


)LJRecomputed transmission image                                                 )LJ Gaussian filtered image 









)LJ Gaussian filtered image after WGIF  

&RQFOXVLRQ
)RUPDQ\FRPSXWHUYLVLRQDSSOLFDWLRQVKD]HUHPRYDODOJRULWKPVEHFDPHPRUHXVHIXO,WZDVIRXQGWKDWPRVWRIWKH
H[LVWLQJ WHFKQLTXHVKDYHJUDGLHQW UHYHUVDO LVVXH LHQR WHFKQLTXH LV DFFXUDWH IRUGLIIHUHQWNLQGRIFLUFXPVWDQFHV
7KH SUREOHP RI RYHULOOXPLQDWLRQ LV D SUREOHP IRU UHPRYLQJ KD]H IURP WKH LPDJHV'XH WR WKH VLPSOLFLW\ RI WKH
:HLJKWHGJXLGHGILOWHU LWKDVPDQ\DSSOLFDWLRQVLQWKHILHOGVRIFRPSXWDWLRQDOSKRWRJUDSK\DQGLPDJHSURFHVVLQJ
WKURXJKRXW 3DUWLFXODUO\ LW LV DSSOLHG WR VWXG\ IXVLRQ RI GLIIHUHQWO\ H[SRVHG LPDJHV VLQJOH LPDJH GHWDLO
HQKDQFHPHQWDQGVLQJOHUHPRWHVHQVLQJLPDJHKD]HUHPRYDO([SHULPHQWDOUHVXOWVVKRZWKDWWKHSURSRVHGPHWKRG
FDQSURGXFHLPDJHVZLWKH[FHOOHQWYLVXDOTXDOLW\DVWKRVHRIJOREDOILOWHUVDQGDWWKHVDPHWLPHWKHUXQQLQJWLPHVRI
WKH SURSRVHG DOJRULWKPV DUH FRPSDUDEOH WR WKH *,) EDVHG DOJRULWKPV DOVR 7KH RXWSXW LV EHWWHU LQ FDVH RI ERWK
1DWXUDOQHVVDQG6KDUSQHVV

$FNQRZOHGJHPHQW
,ZLVKWRDFNQRZOHGJHWKHVXSSRUWRIPDQ\UHVSHFWHGSHUVRQVZKRSURYLGHGPHZLWKLQVSLUDWLRQVYDOXDEOHDGYLFHWR
FRPSOHWHP\SDSHU,ZRXOGDOVROLNHWRWKDQN0U0XKDPPHG1L]DU%.IRUVXSSRUWLQJPHWRFRPSOHWHWKLVSDSHU

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